Background. Though highly prevalent, the pathophysiology of orthostatic hypotension (OH), postprandial hypotension (PPH), and carotid sinus hypersensitivity (CSH) are rarely studied together. Therefore, we conducted such a comprehensive study focusing on the common role of the cardiovascular autonomic system. We hypothesized that in geriatric patients, OH, PPH, and CSH are manifestations of cardiovascular autonomic dysfunction and investigated state-of-the-art cardiovascular autonomic function indices in a group of geriatric falls or syncope patients.
3 months) myocardial infarction, transient ischemic attack, or stroke, respectively, a medical history of ventricular tachyarrhythmias or the presence of a carotid bruit (18) .
The protocol conformed to the Declaration of Helsinki and informed consent was asked verbally prior to the tests.
Baseline Assessment
Preceding OH, PPH, and CSH testing, patients underwent a complete medical history and physical examination. Baseline characteristics (age, gender, body mass index [BMI] , systolic BP [SBP], diastolic BP [DBP] , and heart rate [HR]) were measured. The presence and severity of comorbidity was recorded using the Cumulative Illness Rating Scale for Geriatrics (CIRS-G), ranging from 0 to 56 (19) . For medical history, we used the following disease groups: dementia; depression or anxiety disorder; chronic obstructive pulmonary disease; diabetes mellitus; Parkinson's disease or disorders with parkinsonism; cardiovascular disease (CVD) including myocardial infarction, angina pectoris, heart failure, peripheral vascular disease, aneurysm of the aorta, stroke, and transient ischemic attack; hypertension; and malignancy.
Test Protocol
Patients fasted overnight and medication was withheld from midnight the night before. All tests were performed in the morning or afternoon. During the tests, BP and HR were constantly measured using a beat-to-beat finometer (Finapres (20) ) and a three-lead electrocardiogram (ECG). BP was measured at the nondominant arm, which was held at heart level with a sling.
The test protocol started with the OH test, followed by the PPH test and finished with the carotid sinus massage (CSM). Before testing and at each time point during tests (OH test every minute and PPH test every 5 min), BP and HR were determined. The reported BP values are averages of 20 heartbeats (10 before and 10 after each time point). For CSH testing, BP values were determined by taking the average of 3 heartbeats around the lowest BP value during or in a 30-s period after CSM. From the ECG registration, the R-R interval before and the longest interval during or in a 30-s period after CSM were documented. At each time point, symptoms of possible cerebral hypoperfusion, like dizziness, lightheadedness, fatigue, or loss of consciousness were noted.
Orthostatic hypotension test.-After a 10-min resting period in the supine position, patients were asked to stand up and remain standing for 10 min. Baseline values of BP and HR were defined as the average during the 60 s before rising. OH was defined as an SBP decline of 20 mmHg or more or a DBP decline of 10 mmHg or more within 3 min of standing from supine (13) .
Postprandial hypotension test.-The patient was asked to drink a test meal within 10 min in sitting position. The test meal is a solution of 100 mL glucose syrup and 100 mL lactose-free milk, containing 292 kcal, 65 g carbohydrates, 2 g fat, and 4 g protein. The meal temperature was 20-25°C (21) . After drinking the meal, BP and HR were monitored during 75 min. PPH was defined as a SBP decline of 20 mmHg or more within 75 min after a meal (7, 9) .
Carotid sinus massage.-CSM was performed in supine position after 5 min rest. Firm, longitudinal massage was performed for 5 s over the site of maximal pulsation of the right carotid artery and repeated on the left side when SBP and HR were normalized. If no significant response in SBP or HR was obtained with supine CSM, the procedure was repeated with the patient tilted at 70° on a tilt table with footplate. CSH is defined as an interruption of heart beat more than at least 3 s or as a decrease of SBP of 50 mmHg or more.
Assessment of HRV, BPV, and BRS
Data were analyzed with custom-written software in Matlab (version R2010b, the MathWorks Inc., Natick, Massachusetts). The 10-min resting period in supine position was used to select an appropriate period to determine the measures of HRV, BPV, and BRS. Not necessarily, the same periods were used to calculate HRV, BPV, or BRS.
Heart rate variability.-The standard deviation of all normal beat intervals (SDNN-HRV) and the square root of the mean-squared difference of successive beat intervals (RMSSD-HRV) were used for conventional time domain measurements (1) . The data were linearly detrended and filtered with a third-order Butterworth filter with a cut-off frequency of 0.03 Hz and resampled to 4 Hz using linear interpolation. Artifact-free data series of 100 s were used. With spectral analysis, the power of HRV was calculated in the low (LF-HRV; 0.04-0.15 Hz) and high (HF-HRV; 0.15-0.4 Hz) frequency band as conventional frequency domain measurements (1) . Also, the ratio of LF-HRV and HF-HRV was determined (LF/HF-HRV).
Blood pressure variability.-The BPV was also analyzed in the time and frequency domain. Only the systolic BP was used. The standard deviation of BP (SD-SBP) and the square root of the mean-squared difference of successive BP beats (RMSSD-SBP) were used for conventional time domain measurements. The data were linearly detrended and filtered with a third-order Butterworth filter with a cutoff frequency of 0.05 Hz and resampled to 1 Hz using linear interpolation. Only uninterrupted data series of at least 50 s were used for the spectral analysis. With spectral analysis, the power of BPV was calculated in the low (LF-SBP; 0.05-0. Baroreflex sensitivity.-BRS was quantified in the time domain with the sequence and the standard deviation method (SD-BRS) and in the frequency domain with spectral analysis. The sequence method was applied for positive (SQ-BRS+) and negative (SQ-BRS−) sequences (23) . The SD-BRS method calculates the BRS by dividing the standard deviation of the heartbeat interval by the standard deviation of SBP (SD-BRS). The SD-BRS is an easy, robust, and reliable method to calculate BRS (22) .
The data were linearly detrended and filtered with a thirdorder Butterworth filter with a cut-off frequency of 0.05 Hz and resampled to 1 Hz using linear interpolation. Data series of at least 50 s were used. In the frequency domain, BRS is calculated in the low (0.05-0.15 Hz) and high (0.15-0.4 Hz) frequency band by dividing the spectral power of the heartbeat interval through the spectral power of SBP, only if the coherence is more than 0.5 (24) . Heartbeat intervals were derived from the BP peaks to overcome artifacts in the ECG (25) .
Statistical Analysis
We compared the patients with and without OH, PPH, and CSH, respectively. We used only those patients who completed all three tests. Because there is frequent coexistence of multiple hypotensive syndromes in the same patient, we also compared patients with no single hypotensive syndrome versus one, two, or three hypotensive syndromes. We also compared patients with and without falls, dizziness, or syncope as presenting symptom. Finally, we made a comparison between patients who presented with falls and patients who presented with syncope.
Baseline characteristics of the patients were compared with independent sample Student's t tests or one-way analysis of variance and chi-square (χ 2 ) statistics. Results are presented as mean ± SD or percentages.
Normality of HRV, BPV, and BRS measures was tested with the Kolmogorov-Smirnov test. If the data were not normal distributed they were logarithmically transformed and tested again for normality. None of the HRV, BPV, and BRS measures had a normal distribution. After logarithmic transformation, all data were normal distributed except for the SQ-BRS+, SQ-BRS−, and SD-SBP data. Means were compared with independent sample Student's t tests or oneway analysis of variance for normal distributed data; otherwise, Mann-Whitney's U tests or Kruskal-Wallis tests were used. Because we compared 14 different measures of cardiovascular autonomic function, we choose an alpha of 0.01, instead of 0.05 to correct for multiple testing. Results for HRV, BPV, and BRS measures are presented as medians with the 25th-75th percentile range. All analyses were performed using the SPSS software version 16 for windows (SPSS Inc., Chicago, Illinois).
Results

Baseline Characteristics
Of the 242 patients, 203 (84%) patients completed all three tests. CSM was not performed in 34 patients because they met the exclusion criteria. Of five other patients, there was no value for OH and/or PPH tests due to unreliable measurements (no good signal). Of these 203 patients, 53%, 57%, and 50% were diagnosed with OH, PPH, and CSH, and 87% patients were diagnosed with at least one or more hypotensive syndromes.
Baseline characteristics of patients with and without different hypotensive syndromes were compared (Table 1) . Compared with the patients without OH, the patients diagnosed with OH had lower BMIs and had higher mean baseline SBP (p < .05). The patients with PPH were older, had higher baseline SBPs, and had more frequently a medical history of CVD (p < .05). The patients with CSH had lower BMIs, presented less often with dizziness and used less angiotensin-converting enzyme inhibitors or angiotensin-II receptor antagonists compared with those without CSH (p < 0.05). There were no differences in comorbidity (CIRS-G) nor the number of drugs used.
Measures of HRV, BPV, and BRS
No differences were found in the different measures of HRV, BPV, and BRS between patients with or without OH, PPH, and CSH, respectively (Table 2) . Similar results were found when patients with no versus one, two, or three hypotensive syndromes were compared (data not shown). Also, no differences were found in the different measures of HRV, BPV, and BRS between patients with or without falls, dizziness, and syncope, respectively (Table 3 ). There were also no differences between patients who presented with falls and patients who presented with syncope (data not shown).
Finally, 20 patients had delayed OH, defined as onset of OH after the third minute. These patients were categorized among the "no OH" patients (n = 94) in our study. Compared with the n = 74 patients without OH and without delayed OH, they did not differ in HRV, BPV, and BRS (data not shown).
Discussion
The main finding of this study is that there were no differences in HRV, BPV, and BRS between geriatric patients with and without hypotensive syndromes. We used extensive noninvasive, easy available, and state-of-the-art indices of HRV, BPV, and BRS (1, (22) (23) (24) . Most of these indices reflect primarily vagal activity, but LF-HRV and 
Notes:
Results are reported as medians (25th-75th percentiles).
HRV, heart rate variability; BPV, systolic blood pressure variability; BRS, baroreflex sensitivity; SBP, systolic blood pressure. HRV: SDNN, standard deviation heart rate (ms); RMSSD, root mean square successive difference of heartbeats (ms); LF, low-frequency power HRV (1 
HRV, heart rate variability; BPV, systolic blood pressure variability; BRS, baroreflex sensitivity; SBP, systolic blood pressure. HRV: SDNN, standard deviation heart rate (ms); RMSSD, root mean square successive difference of heartbeats (ms); LF, low-frequency power HRV (1 LF/ HF-HRV are also thought to reflect sympathetic activity or to reflect the sympathovagal balance (1). Previous studies which examined the relationship between hypotensive syndromes and measures of HRV, BPV and BRS have reported conflicting results. In older persons, there was an association between diminished BRS with BP fall during OH testing (26, 27) . However, no difference in spectral measures of HRV and BPV was found between patients with normal and poor orthostatic tolerance (28) . During intraduodenal glucose administration for PPH testing, an association between diminished BRS with SBP fall was found (29) . Spectral measures of HRV were lower (30) and systolic BPV (31) was higher in patients with versus without PPH, but the latter study could not replicate the differences in HRV measures (31) . BRS was found to be higher (8) , the same (32), or lower (33) between patients with and without CSH. Spectral measures of HRV were higher in patients with CSH compared with patients without CSH (8) . In another study, no differences were found in systolic BPV measures between patients with and without CSH (34) . An explanation for these conflicting data is the difference in used methods and in diagnoses, severity of illnesses and functional capacity between study populations. Another explanation is the diversity of methods used to measure HRV, BPV, and BRS in either the time or frequency domain (35) . Agerelated normal values for different measures of HRV, BPV, and BRS are lacking, which makes comparison between populations difficult (1) .
Our data add to the literature because for the first time all three hypotensive syndromes are meticulously characterized together in one population of consecutive older patients who visited a geriatric outpatient falls and syncope clinic. Cardiovascular autonomic dysfunction, as measured with multiple, noninvasive measures of HRV, BPV, and BRS, was not a sufficient cause to explain the occurrence of these hypotensive syndromes. An explanation for our findings might lie in the fact that hypotensive syndromes, especially in elderly patients, are multifactorial in genesis (36) (37) (38) . The lack of an association between HRV, BPV, and BRS and hypotensive syndromes does not prove that cardiovascular autonomic control has no role in the pathophysiology of these hypotensive syndromes. However, it is unlikely that cardiovascular autonomic dysfunction is a sufficient factor, as other redundant regulatory mechanisms are able to compensate for diminished cardiovascular autonomic function and thus determine if hypotensive syndromes occur. Cardiovascular autonomic dysfunction probably is just a component cause with high frequency in geriatric patients and therefore there is no difference to be found between these groups. The conflicting data from literature can easily be explained by the geriatric syndrome causative model, which can be filled with different combinations of factors in different subgroups (36) (37) (38) (39) .
Strengths and Limitations
This study has some limitations. Firstly, this study was a cross-sectional analysis. Secondly, we have no complete assessment of all 14 different measures of autonomic function in all 203 patients. However, for 10 measures, there is approximately 15% or less missing data, which is acceptable. Of the four variables, the percentage of missing data was higher because for frequency analysis consecutive data series of 50-100 s are necessary which was sometimes not possible because the BP measurement was interrupted by calibrations, and ECG signals were sometimes disturbed through artifacts. Moreover, the calculation of the BRS with the spectral method requires that the coherence is more than 0.5, which explains the high portion of missing data for BRS-LF and BRS-HF. Data sets of 50-100 s are rather short to perform frequency domain analysis in which it is advisable to have data set lengths of at least 128 consecutive beats (40) . Hereby, the estimation especially of the LF measures might be less accurate. However, despite these shortcomings, all the results of the frequency domain analysis are in line with the other determined variables of HRV, BPV, and BRS.
Thirdly, this study investigated a selective patient population and did not have a control group. All patients were referred to an out-patient geriatric falls and syncope clinic, because of syncope, falls, and/or dizziness. This has the disadvantage of a specific selection and therefore our sample is not a representative for the general population, but only for populations referred to similar outpatient clinics. On the other hand, this is the geriatric population with the highest relevance of hypotensive syndromes.
Finally, there is evidence that postural and postprandial BP responses vary during the day and therefore should be measured more than once (12, 31, 41) . It would be possible that we falsely classified patients to be without OH, PPH, or CSH, who might in fact have the same degree of autonomic dysfunction as those patients with OH, PPH, or CSH. We found a high prevalence of syndromes, comparable to other studies, which reduces the likelihood that we missed patients. Also, when comparing patients with and without syncope or falls, there still was no difference in autonomic function. Misclassification is therefore less likely.
This study has several other strengths. Firstly, the BP measurements and tests in our study were performed under standardized circumstances, with a beat-to-beat finometer (Finapres), which is an accurate way to measure BP variability (20) .
Secondly, we limited as much as possible the confounding effects of medication on our assessment of hypotensive syndromes and on our estimates of autonomic function. To do this, all medication was withheld from midnight the night before the tests. Nonetheless, biological effects of these drugs might persist longer than the period of abstinence, especially for beta-blockers. However, in aging beta-adrenoreceptor responsiveness decreases by several mechanisms and the effects of beta-blockers are therefore less pronounced (42) . Moreover, we found no differences in the use of beta-blockers or other medication between patients with and without hypotensive syndromes, with exception of lower use of angiotensin-converting enzyme inhibitors and angiotensin-II receptor antagonists in patients with CSH.
Thirdly, a strength of this study is that we investigated all three hypotensive syndromes in the same patients, where other studies only looked at one type of hypotensive syndrome (8, (26) (27) (28) (29) (30) (31) (32) (33) (34) .
Finally, we investigated a rather large group of 203 geriatric patients on the presence of three common hypotensive syndromes, and this study addresses a potential mechanism underlying these common hypotensive syndromes.
Conclusions
In geriatric patients with hypotensive syndromes, cardiovascular autonomic function as measured by HRV, BPV, and BRS is comparable to patients without such syndromes. These findings may favor a multifactorial pathophysiology of geriatric hypotensive syndromes and argue against a single or dominant etiological factor, that is, cardiac autonomic dysfunction. For clinical practice, our data underline that in the initial diagnostic work-up of elderly patients with falls, dizziness, and syncope should follow the structured approach as proposed in the evidence-based syncope guidelines, which recognizes a multifactorial etiology (13, 43) .
